F
etal dextrocardia is a condition in which the major axis of the heart (from the base to the apex along the interventricular septum) points to the right. Dextrocardia should be distinguished from dextroposition, in which the heart is shifted into the right chest as a consequence of pathological states involving the diaphragm, lung, pleura, or other adjoining tissues. 1 The term dextrocardia describes only the position of the cardiac axis and conveys no information regarding chamber organisation and structural anatomy of the heart. [2] [3] [4] [5] [6] [7] In the postnatal period a broad spectrum of cardiac malformations is observed associated with dextrocardia, and the incidence varies according to the atrial situs. Complex cardiac heart malformations are found more often with situs solitus and situs ambiguus than with situs inversus. 3 4 6 7 Apart from a few case reports and one recent retrospective study, published data regarding fetal dextrocardia are sparse. [8] [9] [10] [11] [12] [13] The purposes of our study was to evaluate the incidence of fetal dextrocardia in our high risk fetal populations and to document the associated cardiac and extracardiac malformations and the fetal outcome.
PATIENTS AND METHODS
The fetal echocardiographic databases of two fetal cardiology units were retrospectively reviewed (Guy's Hospital, London, from 1983 to 2003 and Hôpital Robert Debré, Paris, from 1988 to 2003) and all patients with fetal dextrocardia were identified. This study group was from a population already preselected for tertiary referral, which may influence the incidence of dextrocardia, as well as associated cardiac malformations and outcome. Fetal dextrocardia was defined as a condition in which the major axis of the heart (base to apex) pointed to the right. The strategy followed for detecting dextrocardia was to determine the left and the right of the fetus based on the position of the spine and head of the fetus (breech, cephalic, transverse) in relation to the maternal abdomen. This technique is learnt from obstetric colleagues in our centres.
From a total of 36 765 mothers referred for fetal echocardiography during the study period, 82 cases of dextrocardia were diagnosed. One fetus was excluded because the examination was not technically adequate to define the details of intracardiac anatomy. All fetuses with fetal dextroposition, in which the heart is shifted into the right chest as a consequence of extracardiac abnormality, were excluded from this study. For the 81 fetuses forming the study group, the findings were confirmed by postnatal echocardiography or necropsy, where possible. The gestational age at the time of examination ranged from 17 to 36 weeks, mean (SD) 23.1 (4.7). The referral reason in the majority of cases was a suspicion of cardiac malformation on obstetrical ultrasound (n = 61), followed by extracardiac fetal abnormalities (n = 9), family history (n = 4), fetal dextrocardia (n = 2), abdominal situs inversus (n = 2), maternal diabetes (n = 2), and nuchal translucency (n = 1). Prenatal records were reviewed in all cases and postnatal clinical records (including necropsy reports and karyotype reports) were reviewed where available. For six babies no follow up information was available. All fetuses had an obstetrical anomaly scan to detect extracardiac malformations. Fetal echocardiograms were recorded with the following equipment: Acuson 128 XP, Advanced Technologies Laboratories Ultramark 4 system, Toshiba SSA 270A, and Hewlett Packard 1000, 2000, and 5500 ultrasound systems. Most of the examinations were performed with a 3.5 or 5 MHz transducer. All two dimensional echocardiograms were recorded on videotapes for offline analysis.
The segmental analysis of cardiac anatomy proposed by Tynan et al 14 was used for a comprehensive cardiac assessment. Atrial situs was determined by echocardiography according to the location of the inferior vena cava, location of the descending aorta at the level of the diaphragm, and the site of hepatic venous drainage. Situs ambiguus was classified into right and left isomerism. In right isomerism, the inferior vena cava and abdominal aorta lay on the same side of or directly anterior to the spine, with the inferior vena cava running anterior to the aorta. The hepatic veins connected to the inferior vena cava. In left isomerism, the inferior vena cava was interrupted and another venous channel (azygos or hemiazygos) was seen posterior to the aorta. Through this venous channel the abdominal inferior vena cava drained to a superior cava channel. The hepatic veins drained directly to the atria. 15 We followed the echocardiographic criteria described by Hagler et al 16 for identification of ventricular morphology.
RESULTS
From a total of 36 765 mothers referred for fetal echocardiography during the study period, 81 cases of fetal dextrocardia were diagnosed, giving an incidence of 0.22%. Fetal dextrocardia was most common with situs solitus in 38 (47%), followed by situs ambiguus in 24 (30%) and then situs inversus in 19 fetuses (23%).
Situs solitus
There were 38 cases of fetal dextrocardia with situs solitus.
Intracardiac abnormalities
Thirty four fetuses had two ventricles: 29 had concordant and five had discordant atrioventricular connections (fig 1) . The remaining four had univentricular hearts, three with absent right atrioventricular valve and one with double inlet. Of the four fetuses with univentricular hearts, three had univentricular hearts of left ventricular type, all with absent right atrioventricular valve, and one had a univentricular heart of indeterminate type.
Of the 29 fetuses with concordant atrioventricular connections, 21 had concordant arterial connections: 13 had normal hearts and eight had an associated cardiac anomaly. In the remaining eight, three had a discordant ventriculoarterial connection, three had a double outlet right ventricle, and two had a single outlet with pulmonary atresia. In the five fetuses with discordant atrioventricular connections, four had discordant arterial connections and one had a single outlet with pulmonary atresia. Of the three fetuses with a univentricular heart with a main chamber of left ventricular type, two had concordant arterial connections and one had a discordant arterial connection. The other fetus with univentricular heart of indeterminate type had a double outlet main chamber.
Chromosomal anomalies
Twelve fetuses had documented normal karyotype. In a further 24 fetuses, although fetal karyotype had not been analysed, the karyotype was presumed to be normal, as these had normal phenotype postnatally or at necropsy. One fetus with a ventricular septal defect had trisomy 13, and one fetus with double outlet right ventricle with pulmonary stenosis had balanced 2-9 translocation.
Extracardiac anomalies
In 31% (n = 12) of fetuses with dextrocardia with situs solitus an extracardiac anomaly was noted (one VATER syndrome (vertebral, anal, tracheal, esophageal, and radial anomalies), two cleft lip or palate, one Pierre Robin sequence, three polymalformations, one exomphalos, one hydrocephalus, one kidney malformation, one pericardial effusion, and one facial dysmorphia).
Outcome
Of 38 cases of fetal dextrocardia with situs solitus, 26% (n = 10) of pregnancies were interrupted, 8% (n = 3) of pregnancies resulted in spontaneous intrauterine death, and 3% (n = 1) of babies died after birth. Twenty four survived, representing 86% of continuing pregnancies.
Situs ambiguus
Twenty four cases of dextrocardia with situs ambiguus were detected during fetal life. In this group right atrial isomerism was detected nearly as often as left isomerism (13 and 11 cases, respectively).
Intracardiac abnormalities
All 13 fetuses with right atrial isomerism had two ventricles, with the morphological right ventricle lying to the right (fig 2) . A common atrioventricular valve was found in all but one fetus. Four had a concordant ventriculoarterial connection, six had a double outlet right ventricle, and three had a single outlet with pulmonary atresia. Severe pulmonary stenosis was found in three. Total anomalous pulmonary venous connection was also a common feature and was found in 13 fetuses. All 11 fetuses with left atrial isomerism also had two ventricles, with the morphological right ventricle to the right. A common atrioventricular valve was found in nine and two fetuses had two patent atrioventricular valves. Six had a concordant and two a discordant ventriculoarterial connection, two had a double outlet right ventricle, and one had a single outlet with pulmonary atresia.
Chromosomal anomalies
Two fetuses had documented normal karyotype and in 22 cases fetal karyotype had not been analysed.
Extracardiac anomalies
Three fetuses with left atrial isomerism had gut malrotation and one had polymalformations. One case of oesophageal atresia was found with right atrial isomerism.
Outcome
In this group 62% (n = 15) of pregnancies were interrupted, 8% (n = 2) of pregnancies resulted in intrauterine death, 12% (n = 3) of fetuses died after birth, and 17% (n = 4) of the total survived. The survival rate in continuing pregnancy was 44%. The important issue in this type of malformation is the underlying cardiac malformations, although surgical procedures may be more difficult in dextrocardia.
Situs inversus
There were 19 cases of fetal dextrocardia associated with situs inversus.
Intracardiac abnormalities
In this group, 18 fetuses had biventricular connections: 17 had concordant and one had discordant atrioventricular connections (fig 3) . The remaining fetus had a univentricular heart of the left type with an absent right atrioventricular connection.
Of the 17 fetuses with concordant atrioventricular connections, 12 had concordant ventriculoarterial connections, four had double outlet right ventricle, and one had a discordant arterial connection. Of the 12 fetuses with concordant atrioventricular connections, seven had a normal heart and five had associated cardiac anomalies. The fetus with discordant atrioventricular connection had a single outlet with pulmonary atresia. In the fetus with a univentricular heart the arterial connection was discordant.
Chromosomal anomalies
Nine fetuses had a documented normal karyotype and in 10 cases fetal karyotype had not been analysed.
Extracardiac anomalies
Two fetuses with associated ventricular septal defect had extracardiac lesions. One of them had dysplastic kidney and the other the VATER syndrome.
Outcome
Of the 19 cases of fetal dextrocardia with situs inversus, two pregnancies were interrupted, one resulted in intrauterine death, and one resulted in neonatal death. Fifteen survived, representing 88% of continuing pregnancies.
DISCUSSION

Incidence of fetal dextrocardia
The incidence of fetal dextrocardia in our study population is low (0.22%), which is very likely to be related to the referral pattern to our tertiary fetal cardiology units. The referral reason was a suspected cardiac malformation during obstetric ultrasound scanning for most of our patients, with only two patients being referred because of dextrocardia. However, in some of the patients referred for a suspected problem, the dextrocardia had been noted at the time of referral. The incidence in our series compares with an incidence of 0.84% in a previous study on fetal dextrocardia (Walmsley et al 13 ). In their study Walmsley et al 13 reviewed 5539 fetal echocardiograms and diagnosed 85 cases of dextrocardia. Of these, 46 cases were classified as primary dextrocardia and 39 as secondary dextrocardia due to extra cardiac malformations such as diaphragmatic hernia. In our study, we excluded all cases of secondary dextrocardia or dextroposition related to an extracardiac abnormality. This difference in patient selection may account for some of the differences in the two studies. Dextrocardia is a permanent position of the heart in the right chest, in contrast to dextroposition, which is transitory and regresses when the extracardiac malformation is treated.
Congenital heart malformations associated with dextrocardia Both our study and that of Walmsley et al 13 show that a wide spectrum of congenital heart malformations, often complex, is associated with fetal dextrocardia. These findings are consistent with postnatal studies. [2] [3] [4] [5] [6] [7] We concur that the term ''fetal dextrocardia'' indicates cardiac position only and does not give any indications of cardiac structure. As in postnatal studies, we did not find any case of hypoplastic left heart, in contrast to Walmsley et al, 13 who found two cases. We did not note an absent left ventricular connection in our study and this finding remains unexplained in the postnatal studies. 2 7 The role of situs Situs solitus was the most common type in our study (47%), which is in contrast to the study of Walmsley et al, 13 in which situs solitus was least frequent (22%). 13 All the fetuses with dextrocardia and situs solitus in the study of Walmsley et al 13 had a cardiac malformation compared with 66% in our study. In postnatal series, the incidence of a normal heart varied between 0-9% [2] [3] [4] [5] [6] [7] The fetuses with a normal heart in our population were mostly referred because of associated extracardiac malformations and not because there was concern about the fetal heart. This may explain the discrepancies between prenatal and postnatal studies.
In our study 37% of fetuses with dextrocardia with situs inversus had structurally normal hearts, compared with 89% in the study of Walmsley et al. 13 In those with a cardiac malformation a wide spectrum of congenital heart disease was seen, most of which were complex. [2] [3] [4] [5] [6] [7] However, the best survival was observed in this group.
Postnatal series have reported situs ambiguus as the least common type of situs with dextrocardia. However, in prenatal series the incidence is higher, being 29% in our series and 39% in the series of Walmsley et al. 13 The higher incidence in fetal series may be explained by the possibility that many of the fetuses may not survive, either because of interruption of pregnancy or because of death in utero or during the early neonatal period.
Frequency of extracardiac anomalies
We found extracardiac anomalies in all the three groups of situs. However, only 31% (n = 25) of karyotype results were available. The karyotype was presumed to be normal in liveborn babies with a normal phenotype or in fetuses at necropsy with a normal phenotype. Walmsley et al mentioned extracardiac anomalies only in the situs ambiguus group with one case of trisomy 18. Fetal dextrocardia may be associated with extracardiac anomalies in all types of situs.
Limitations Some limitations to our study need to be addressed. The population was preselected by the nature of the referral pattern to our tertiary centres. Thus, the incidence of fetal dextrocardia (0.22%) in our population is low and may not be representative of the global incidence. This also applies to the incidence of associated cardiac and extracardiac malformation, which is high in our series. Another potential limitation of our study is the method used to determine the right and left sides of the fetus. This is the first crucial step in obstetric sonography and thus also fetal echocardiography. We have learned from our obstetric colleagues in our specialist centres that the positions of the spine and head of the fetus in relation to the maternal abdomen help work out left and right in the fetus. Cordes et al 17 developed a standardised technique to help determine right and left in fetal echocardiography. This method, which also uses the fetal head and spine as markers, is an alternative way to establish the left and right of the fetus. This method has the advantage of being recordable, which is beneficial in retrospective studies.
Conclusion
A wide spectrum of cardiac disease can be found associated with fetal dextrocardia, depending on the atrial situs. The majority of our fetal population presented because of suspected congenital heart disease during routine obstetric scanning. This is the likely explanation for the low incidence of dextrocardia in our population and accounts for the high incidence of cardiac malformation in our series. The finding of fetal dextrocardia should prompt a comprehensive assessment of fetal cardiac structures by fetal echocardiography. Parental counselling has to take into account whether there is associated congenital heart disease and how severe it is, as these factors will influence prognosis. 
